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ABSTRACT
Topics in Exercise Science and Kinesiology Volume 3: Issue 1, Article 9, 2022. The purpose of this

study was to measure lower extremity muscle activity during recumbent stepping under varied conditions. We
hypothesized that different stepping conditions would lead to significant changes in muscle activity. Fifteen
healthy adults (4 men, 11 women; mean age 24.5 ± 7.7 yrs) provided informed consent to participate. During a
single session, electromyography (EMG) was used to measure muscle activity of the tibialis anterior (TA), medial
gastroc (MG), rectus femoris (RF), and biceps femoris (BF) muscles as a percent of maximal voluntary contraction
(%MVC) during five different stepping conditions: 1) Stepping with no foot strap (SnS), 2) Stepping with a strap
(SS), 3) Pulling with toes with a strap (PullTS), 4) Pushing with heel with a strap (PushHS) and, 5) Pushing with
toes with a strap (PushTS). There were significant differences (p < 0.05) in muscle activity between stepping
conditions for the TA, MG and RF muscles. TA muscle activity was greatest (21.3 ± 13.7%MVC) during the PullTS
condition, MG activity was greatest (7.4 ± 3.4%MVC) during the PushTS condition, and RF activity was greatest
(12.9 ± 6.1%MVC) during the PullTS condition. There were no significant differences for the BF between conditions.
Different recumbent stepping conditions can significantly alter lower extremity muscle activity with the largest
changes observed in the ankle muscles. Therefore, when prescribing recumbent stepping exercise, clinicians should
be aware of how factors such as stepping direction, the use of a foot strap, and verbal cueing can alter lower
extremity muscle recruitment to optimize therapeutic benefit.

KEY WORDS: Recumbent stepper, stepping direction, verbal cues, muscle recruitment, foot
strap
INTRODUCTION
Recumbent stepping devices such as the Biostep® and NuStep® are commonly used in
rehabilitation settings for improving cardiorespiratory fitness and muscular endurance for a
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variety of clinical populations. The exercise motion of these devices is a combination of
recumbent cycling and stair stepping and can utilize upper and lower extremities in
combination or in isolation. The handles and pedals are mechanically linked and provides a
reciprocal and alternating pattern of movement between the upper and lower extremities similar
to walking. Some of the potential advantages of recumbent stepping devices are that they can
be used more easily by individuals with significant physical impairment (14), they can distribute
workload to all four limbs (7), they can provide a safe and low impact exercise (2), and they can
facilitate reciprocal leg and arm movement patterns similar to walking(16).
Evidence has shown that recumbent stepping can be used to significantly increase
cardiorespiratory and muscular fitness in healthy sedentary adults following training 3 days per
week for 12 weeks (5). Recumbent stepping exercise has also be used in persons with multiple
sclerosis to reduce levels of fatigue and improve measures of quality of life (14). In persons with
stroke, recumbent stepping has led to improvements in walking endurance (2), step length (13),
balance (12), lower limb impairment (12) and systolic blood pressure (2).
Several studies have investigated muscle activity during recumbent stepping and the interaction
between upper and lower extremity movements. Stoloff et al. (16) compared lower extremity
muscle activity during walking and recumbent stepping and found that recumbent stepping
muscle activation patterns were similar but simpler than those used when walking. In a different
study on inter-limb coupling during recumbent stepping, it was found that when the arms were
used to move the legs passively versus an externally driven source there was increased muscle
activity of the legs, demonstrating possible enhanced neuromuscular recruitment when arms
and legs are coupled (10). De Kam et al. (9) also found that arm movements (coupled or
uncoupled) tend to increase leg muscle activity during recumbent stepping.
While there is good evidence to assist clinicians in prescribing the appropriate dosage (time,
intensity, frequency) of recumbent stepping for improving cardiorespiratory fitness (2,5,12,13),
there is currently little evidence to guide clinicians in prescribing the use of recumbent stepping
for addressing more specific impairments in muscle performance and recruitment that are
common in person with neurological disorders. For example, persons with stroke and multiple
sclerosis often display weakness of the ankle muscles that can lead to foot drop and impaired
gait and balance (8,15). They may also display abnormal tone and synergistic movement
patterns that can favor either flexor or extensor muscle groups and can make isolated or
fractionated movement difficult (1). In these cases, clinicians may desire to prescribe recumbent
stepping exercise that can recruit or maximize the use of specific muscles and muscle groups
and/or minimize the use of others to improve motor function.
Therefore, the purpose of this study was to compare lower extremity muscle activity during
different recumbent stepping conditions. To accomplish this, we measured the activity of four
lower extremity muscle groups (tibialis anterior, gastrocnemius, rectus femoris, and bicep
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femoris) during five different stepping conditions. We hypothesized that we would see
significant differences in muscle activation between conditions.
METHODS
Participants
A convenience sample of 15 healthy adults (4 men, 11 women; 24.5 ± 7.7 years old, 67.5 ± 7.5 kg)
was recruited by word of mouth among University of Dayton physical therapy students.
Exclusion criteria included any neurological or musculoskeletal disorders, reduced exercise
tolerance, lower extremity pain, or contraindications for exercise. All participants signed an
informed consent, and the protocol was approved by the Institutional Review Board at the
University of Dayton and the study was conducted in full accordance to the ethical standards of
the International Journal of Exercise Science (11). Due to a lack of prior data, an a priori power
analysis was not performed to estimate sample size. However, post hoc analysis for the muscle
groups showing a significant effect for the repeated measures ANOVA demonstrated adequate
power (1-β = 0.93 - 0.99).
Protocol
To collect electromyography (DTS EMG, Noraxon®, Scottsdale, AZ, USA) data, surface
electrodes were placed parallel to muscle fibers of the right lower extremity on the following
muscles: tibialis anterior (TA), medial gastrocnemius (MG) biceps femoris (BF), and rectus
femoris (RF). Skin preparation and electrode placement was based on the SENIAM 8
recommendations (6). In order to minimize mechanical artifacts, the electrodes were secured
with tape and elastic medical wrap.
Next, EMG values were recorded for three maximal voluntary isometric contractions (MVC’s)
that were held for 5 seconds each. For the RF and BF muscles, the subject was seated with a rigid
strap wrapped around the lower leg which held the knee in approximately 80 degrees of flexion.
For the MG, a single leg standing heel raise with the upper extremities holding onto handles to
resist upward body movement was used. For the TA, the subject placed their distal foot under
a ledge while standing and attempted to dorsiflex maximally.
Subjects were then placed on a Biostep® (Biodex Medical Systems, Shirley, NY, USA) (Figure 1)
recumbent stepper and the seat position was adjusted so that when the leg was at the most
extended position, knee flexion was 25-30 degrees as measured by a goniometer. Subjects then
performed a 2-minute warm up stepping at a cadence of 60 RPM at a resistance level of 2. After
warming up subject performed five different stepping conditions for 1 minute each at the same
level of resistance (Level 2) and with the same cadence (60 RPM). These parameters were chosen
to simulate common settings used in the clinical environment and that all of our participant
could comfortably accomplish. EMG was recorded during the last 30 seconds of each 1-minute
bout of stepping. During testing, participants only used their lower extremities and their hands
place on the side handles. Participants rested for 1 minute between stepping conditions. The five
stepping conditions were performed in the following order:
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1) Stepping with no strap (SnS) - Stepping with no foot strap and the instruction to just “step
smoothly”.
2) Stepping with a strap (SS) - Stepping with a foot strap and the instruction to just “step
smoothly”.
3) Pulling with toes with a strap (PullTS) - Stepping with a foot strap and the instruction to
“pull with your toes with each step”.
4) Pushing with heel with a strap (PushHS) - Stepping with a foot strap and the instruction to
“push through your heel with each step”.
5) Pushing with toes with a strap (PushTS) - Stepping with a foot strap and the instruction to
“push through your toes with each step”.
These stepping conditions were selected in an attempt to alter muscle recruitment based on a
combination of stepping direction, use of a foot strap and specific verbal cues. The stepping
conditions were not randomized because we wanted all subjects to begin with the SnS and SS
conditions prior to giving more specific verbal cues.

Figure 1. Biodex Biostep®

Statistical Analyses
All EMG data was processed with a fourth order high pass filter (cut off frequency of 20 Hz)
with zero phase lag to attenuate low frequency components such as mechanical artifact. EMG
data were full wave rectified, demeaned, and smoothed with a 10 Hz fourth order low pass filter
with zero phase lag and normalized to the subject’s maximum voluntary contraction (MVC).
Mean EMG amplitude (mEMG) for each muscle was expressed as a percentage of MVC for
statistical analysis. Combined muscle activity was calculated by averaging the mean the values
from all muscle groups.
Descriptive statistics were calculated for the EMG values and the Shapiro-Wilk test was used
to test for normality. A one-way repeated measures ANOVA was used to test for the effect of
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stepping condition for each muscle. If a significant effect was present, post-hoc pairwise
comparisons were made using a paired a sample t-test. For all tests, statistical significance
was set at p < 0.05. If warranted, Cohen’s d effect sizes (d) were calculated between conditions
and interpreted as 0.2 - small; 0.5 - moderate; ≥ 0.8 – large (4).
RESULTS
There was a significant effect of stepping condition for the TA: F (4, 56) = 17.79, p < .001. Pairwise
comparisons demonstrated the stepping condition of PullTS elicited the greatest EMG activity
(21.3 ± 13.7%MVC) and was significantly greater than all other stepping conditions (p = 0.002 0.04; d = 0.92 – 1.63). The stepping condition of SS elicited the lowest EMG activity (5.5 ± 3.2%
MVC) and was significantly lower than the PullTS (p = 0.005; d = 1.63) and PushHS (p = 0.016; d
= 0.89) conditions (Figure 2).

Figure 2. Average muscle activity during each stepping condition. Abbreviations: %MVC = % of maximal voluntary
contraction, SnS = Stepping no strap, SS = Steppimg with strap, PullTS = Pulling with toes with strap, PushHS =
Pushing with heel with a strap, PushTS = Pushing with toes with a strap. *Significantly greater than all other
stepping conditions (p < 0.05). **Significantly greater than SnS and PushTS conditions (p < 0.05).
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There was a significant effect of stepping condition for the MG: F (4, 56) = 29.17, p < .001.
Pairwise comparisons demonstrated the stepping condition of PushTS elicited the greatest EMG
activity (7.4 ± 3.4% MVC) and was significantly greater than all other stepping conditions (p <
0.001 to p = 0.012; d = 1.36 – 2.10). The stepping condition of PushHS elicited the lowest EMG
activity (1.8 ± 1.6% MVC) and was significantly lower than the PushTS (p < 0.001; d = 2.10) and
PullTS (p = 0.004; d = 0.99) conditions. (Figure 2).
There was a significant effect of stepping condition for the RF: F (4, 56) = 6.77, p < .001. Pairwise
comparisons demonstrated the stepping condition of PullTS elicited the greatest EMG activity
(12.9 ± 6.1% MVC) and was significantly greater than the SnS (p = 0.05, d = 0.59) and PushTS (p
= 0.032; d = 0.61) stepping conditions. The stepping condition of PushTS elicited the lowest EMG
activity (9.1 ± 3.6% MVC) and was significantly lower than the PullTS (p = 0.032; d = 0.61)
condition (Figure 2).
There was not a significant effect of stepping condition for the BF: F (4, 56) = .39, p = 0.83. (Figure
2).
There was a significant effect of stepping condition for the combined muscle activity: F (4, 228)
= 12.57, p < .001. Pairwise comparisons demonstrated the stepping condition of PullTS elicited
the greatest overall EMG activity (10.9 ± 10.4% MVC) and was significantly greater than all other
stepping conditions (p < 0.001 to p = 0.026, d = 0.32 - 0.56). The stepping condition of SS elicited
the lowest combined EMG activity (5.3 ± 4.1% MVC) but was only significantly lower than the
PullTS condition (p = 0.001, d = 0.56). (Figure 2).
DISCUSSION
The purpose of this study was to compare lower extremity muscle activity during different
recumbent stepping conditions. In agreement with our hypothesis, we found that different
stepping conditions significantly influenced muscle activity in the lower extremities and should
be considered when prescribing recumbent stepping exercise. The following are observations
and clinical considerations based on our findings for each stepping condition.
During the stepping with no strap (SnS) condition, participants were asked to step smoothly
without a foot strap and with no other specific verbal cues. This is how a recumbent stepper is
often used in the clinical setting. This condition did not elicit higher levels of activity in any
specific muscle group and had the second lowest combined level of muscle activity. From a
clinical perspective, this stepping condition may be useful when performing general aerobic
conditioning when the goal may be to minimize the effect of local fatigue or demand of any
specific muscle group and when the client can keep their foot on the pedal without assistance.
During the stepping with a strap (SS) condition, participants were asked to step smoothly with
their foot strapped securely to the pedal and with no other specific verbal cues. This condition
elicited similar levels of muscle activity to the no strap condition in our healthy participants. In
the clinical setting, a foot strap is more commonly used when a person has difficulty keeping
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their foot on the pedal due to issues such as weakness, spasticity, and incoordination that are
common with neurological disorders. Since our subjects were healthy young adults with no
neurological impairments, it is difficult to assume that persons with impairments would
demonstrate the same responses. Perhaps using a foot strap would allow for greater overall
muscle activity in an impaired limb because the foot is more securely connected to the pedal
and would allow more work to be generated. For our healthy participants the addition of a strap
and no additional verbal cues made little difference when compared to not using a strap.
During the pull with toes with a strap (PullTS) condition, participants were given verbal cues to
focus on pulling back with their toes during each pedal stroke while their foot was strapped to
the pedal. This condition elicited the highest levels of combined muscle activity, especially in
the TA and RF muscles. These findings were somewhat expected given the fact that pulling
backward with one’s toes when strapped to the pedal would recruit the ankle dorsiflexors such
as the TA, as well as the RF, which can act as hip flexor because it is bi-articulate and crosses the
hip joint. Given these findings, this stepping condition might be useful clinically if the goal is to
improve muscle strength and endurance of the ankle dorsiflexors and hip flexors. This may be
beneficial for individuals who have difficulty with foot clearance and swing limb advancement
during gait due to weak ankle dorsiflexors and hip flexors. Additionally, this stepping condition
may be useful for individuals with excessive lower extremity extensor tone because it increases
activation of the flexor muscles instead of extensor muscles.
During the pushing with heel with a strap (PushHS) condition, participants were given verbal
cues to push through their heel with each pedal stroke while their foot was strapped in. This
condition elicited some increase activity in the TA and RF but less than the PullTS condition. In
order to push with the heel, we noticed that our participants lifted their toes off the pedal, which
would cause an increase activity of the TA. Additionally, focusing on pushing with the heel
may have increased activity in RF due to the role it also plays as a knee extensor.
During the push with toes with a strap (PushTS) condition, participants were given verbal cues
to push through their toes with each pedal stroke with their foot strapped in. This condition
elicited the greatest muscle activity in the MG but low levels of activity in all the other muscle
groups. However, the level of MG activation was still relatively low. So in order to maximize
muscle recruitment of the MG, higher levels of pedal resistance may be required than what we
provided in this study. This stepping condition might be useful if when attempting to improve
plantar flexor strength and endurance that could be useful during functional activities such as
gait and stairs.
During our testing, we noticed that there was little change in BF activity for any of the stepping
conditions and that the overall activation levels were low. Bouillon et al. (3) also showed
relatively low levels of BF activity during recumbent stepping when compared to other activities
such as upright cycling and treadmill walking. We had anticipated that we might see an increase
in BF activity during the PullTS condition to assist with knee flexion but this was not the case.
This might be due to the bi-articular nature of the BF muscle as it crosses both the hip and knee
joints. Additionally, the verbal cue of pulling with the toes during the PullTS condition may
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have emphasized the use the hip flexors and dorsiflexors over the hamstrings. Perhaps a verbal
cue to pull back with the heel instead of the toes may have recruited the BF more effectively and
could be worth evaluating in future work.
This study had a number of limitations. First, only healthy young adults were tested since this
work was done during the COVID pandemic and we were not able to recruit vulnerable
populations. Future work should include older adults and persons with neurological disorders.
A second limitation is that we only used one level of relatively light resistance. Increasing the
resistance or adjusting it so it is sufficiently challenging for each participant to optimize muscle
recruitment may be beneficial in future work. An additional limitation is that we only measured
the activity of four muscles. Measuring other muscles such as knee extensors that are not biarticulate (vastus medialis/lateralis) and the semitendinosus maybe provide additional insight
especially in impaired populations.
In conclusion, our study is the first to demonstrate the effects of different stepping conditions
on lower extremity muscle activity during recumbent stepping. These findings may aid
clinicians when prescribing recumbent stepping exercise to address specific lower extremity
motor impairments such as weakness, tone and synergistic movements associated with various
neurological and orthopedic disorders.
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PURPOSE
Recumbent stepping devices are one of the most common pieces of exercise equipment used for older
adults and persons with disabilities. The purpose of this study was to measure the activity of knee and
ankle muscles under a variety of stepping conditions including with and without the use of a foot strap
and with or without specific verbal instructions for stepping technique. This information could be helpful
for clinicians when prescribing recumbent stepping, especially when there is a desire to recruit or inhibit
specific muscles and/or movement patterns.
STEPPING CONDITIONS
Muscle activity of the tibialis anterior (TA), medial gastric (MG), rectus femoris (RF) and biceps femoris
(BF) was measured during the following stepping conditions.
1) Stepping without a foot strap and the instruction to “step smoothly”.
2) Stepping with a foot strap and the instruction to “step smoothly”.
3) Stepping with a foot strap and the instruction to “pull with your toes”.
4) Stepping with a foot strap and the instruction to “push through your heels”.
5) Stepping with a foot strap and the instruction to “push through your toes”
KEY FINDINGS
1) TA muscle activity was greatest (21.3 ± 13.7% of MVC) when pedaling with a foot strap and verbal
cues to pull back with toes during each step.
2) MG muscle activity was greatest (7.4 ± 3.4% of MVC) when pedaling with a foot strap and verbal
cues to push through toes with each step.
3) RF muscle activity was greatest (12.9 ± 6.1% of MVC) when pedaling with a foot strap and verbal
cues to pull back with toes during each step.
4) BF activity was not different between the pedaling conditions
5) Combined muscle activity was greatest (10.9 ± 10.4% of MVC) when pedaling with a foot strap
and verbal cues to pull back with toes during each step and was nearly double that of stepping
with no foot strap and no verbal cues (5.5 ± 4.1% of MVC)
6) Healthcare professionals who prescribe recumbent stepping exercise should be aware of how
variables such as foot strap use, stepping direction and verbal cues can alter lower extremity
muscle recruitment.
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